Event-related functional magnetic resonance imaging was used to compare activity in the human parietal cortex in two attention-switching paradigms. On each trial of the visual switching (VS) paradigm, subjects attended to one of two visual stimuli on the basis of either their color or shape. Trials were presented in blocks interleaved with cues instructing subjects to either continue attending to the currently relevant dimension or to switch to the other stimulus dimension. In the response switching (RS) paradigm, subjects made one of two manual responses to the single stimulus presented on each trial. The rules for stimulus-response mapping were reversed on different trials. Trials were presented in blocks interleaved with cues that instructed subjects to either switch stimulus-response mapping rules or to continue with the current rule. Brain activity at "switch" and "stay" events was compared. The results revealed distinct parietal areas concerned with visual attentional set shifts (VS) and visuomotor intentional set shifts (RS). In VS, activity was recorded in the lateral part of the intraparietal region. In RS, activity was recorded in the posterior medial intraparietal region and adjacent posterior superior and dorsomedial parietal cortex. The results also suggest that the basic functional organization of the intraparietal sulcus and surrounding regions is similar in both macaque and human species.
There is no definite consensus on the correspondence between monkey and human parietal cortex. Brodmann (1909) argued that, in the monkey, the superior parietal lobule (SPL) and inferior parietal lobule (IPL) consist principally of areas 5 and 7, respectively. In the human, however, he suggested that both areas 5 and 7 are in the SPL, whereas new areas 39 and 40 are found in the IPL. Other anatomists, however, have identified a correspondence between the cytoarchitecture of the human and macaque IPL and the human and macaque SPL (Von Bonin and Bailey, 1947; Eidelburg and Galaburda, 1984) . According to this view, the IPL and SPL are organized similarly in both species, and the intraparietal sulcus divides the parietal cortex similarly in both species.
Functional imaging has not resolved this debate. Such studies suggest that visuospatial attention is correlated with posterior parietal activity in human subjects, but different studies locate the critical region in the SPL or IPL, and some even suggest that an extensive region including both lobules is associated with visuospatial attention (Corbetta et al., 1993 (Corbetta et al., , 1995 Nobre et al., 1997; Coull and Nobre, 1998; Corbetta and Shulman, 1999; Gitelman et al., 1999) . It is therefore not clear if the human parietal cortex has a similar or dissimilar functional organization to that of the macaque, in which visuospatial attention and oculomotor control depend on the posterior IPL and adjacent lateral intraparietal sulcus Colby and Goldberg, 1999) .
In studies of visual attention, subjects are usually required to respond with hand movements, although visual attention is more naturally linked with eye movements than hand movements. The neuroimaging studies may have inadvertently activated not just a system for visual attention but also an attentional system related to hand movements; there is evidence that the lateral and medial banks of the intraparietal sulcus of the macaque are concerned with visual attention-eye movements and with hand movements, respectively (Colby and Duhamel, 1991; Snyder et al., 1997 Snyder et al., , 1998 Eskander and Assad, 1999) . Previous human neuroimaging studies may have activated the human homologs of both areas.
In the present experiments we compared two task-switching paradigms. In both paradigms, event-related functional magnetic resonance imaging (fMRI) was used to measure brain activity at the time of a task switch. In the visual switch (VS) paradigm, subjects switched between attending to one of two stimuli on the basis of either color or shape. Attending to the shape or color of a stimulus means that subjects also attend to its spatial location Lavie, 1988, 1993) . Manual responses were only rarely required at the time of attentional switching. The response switch (RS) paradigm required a switch of visuomotor-related intention; subjects switched between selecting one of two responses, cued by visual stimuli, according to one of two rules. Switch-related activity was recorded in the lateral intraparietal region in VS but in the medial intraparietal region and adjacent posterior SPL in RS. The results suggest that similar functional regions are located in the medial and lateral intraparietal sulcus in both humans and monkeys.
MATERIALS AND METHODS Subjects
A total of 20 right-handed, healthy volunteers participated in the fMRI recording study (ages 19 -31 years) . The vision of all subjects was normal or corrected to normal with MRI-compatible glasses. Ten subjects performed the RS paradigm, and 10 performed the VS paradigm. The data from two subjects who performed the VS task was lost after main power failures disrupted data acquisition and storage. All subjects gave their informed consent before participation. The procedures were approved by the Research Ethics Committee of the Montreal Neurological Institute and Hospital. Different subjects participated in each experiment because sufficient data could only be gathered for one paradigm in a given scanning session. Moreover, in this way, the potential for task conf usion was avoided; because of matching, the cues used in the two tasks were identical in appearance but dissimilar in terms of their behavioral role.
Behavioral tasks
Both paradigms were conducted with subjects lying in the dimly illuminated MRI scanner. Stimuli were projected onto a screen using a liquid crystal display projector at the head of the scanner tube. Subjects wore prism goggles so that the stimuli appeared directly in front of them. We have previously shown that attentional or intentional task switching is associated with a similar behavioral cost, measured in terms of reaction time, in both VS and RS paradigms (M. F. S. Rushworth, A. C. Nobre, and R. E. Passingham, unpublished observations).
Response switching. Figure 1 (lef t-hand column) summarizes the RS task. The RS task targeted the mechanisms of attention or task-switching related to the execution of manual responses. On each trial, subjects saw either a red triangle (5.1°width, 2.7°height) or square (3.7°width, 2.7°h eight). During the first set of trials, subjects made a right-hand response to the square and a left-hand response to the triangle. A small circle (0.9°d iameter, 70 msec duration) provided feedback to the subjects 100 msec after the response ( yellow for correct responses and blue for incorrect responses). An interval of 800 msec followed before the onset of the next trial. The intervals between trial onsets varied according with reaction time and averaged ϳ1500 msec.
Each experimental session was broken down into blocks of 9 -11 trials. The rules by which responses were selected varied between blocks; on some blocks subjects responded to squares and triangles by pressing buttons with the left and right hands, respectively. Each block was preceded by an instruction cue. Instruction cues were either a vertical (ϩ) or a tilted (x) cross appearing in a white rectangular background (6°w idth, 5°height) presented for 200 msec. Cues indicated that the subject should either switch rules for response selection or stay with the current response selection rules. There was a 1000 msec interval between the onset of the instructive cue and the onset of the first pair of items. The meaning assignment (switch, stay) of each cue (x, ϩ) was counterbalanced across subjects.
Trials were presented in four sessions each of 5 min duration. The event-related analysis was centered on a comparison of BOLD signal after the switch and stay cues. The timing of both types of cue onset was recorded with respect to the onset of acquisition of each frame of fMRI data (see below). A control "'rest" cue was presented every 3 sec for the final 25 sec of each session. The rest cue resembled the other instruction cues but consisted of a black circle on a white background. No trials followed the rest cues, and subjects were required to take no action in response to them. No analysis of the rest cues is reported.
V isual switching. Figure 1 (right-hand column) summarizes the VS task. The VS paradigm complemented the RS paradigm and shared most aspects of its formal design. It was designed to study the mechanisms of visual attentional task switching. Subjects were required to switch attention between different sensory dimensions of stimuli. T wo visual stimulus items were presented simultaneously (70 msec duration) to either side (1.7°eccentricity) of a white central fixation cross (1.3°width, 1.1°height) on a black background. The two items always consisted of one square shape (1.7°width ϫ 2°height) and one triangular shape [2.6°width (narrower at base), 2°height]. One of the items was always green, and one of the items was always red. Either shape could be combined with either color. Subjects used either a particular shape (e.g., square) or color (e.g., red) to direct their attention to the relevant item to detect embedded targets (see below). There was a variable 1200 -1500 msec interval between trials.
As in the RS paradigm, each experimental session was broken down into shorter blocks of 9 -11 trials. At the beginning of an experimental block, during the first set of trials, subjects were told to attend to one particular stimulus feature (e.g., red color) and identif y targets that appeared within the relevant (red) item. Subsequently, instruction cues appeared before each set of 9 -11 trials. Instruction cues were either a Figure 1 . Details of the RS task are shown in the left-hand column. Subjects were presented with a series of task items. The items were always either squares or triangles. Subjects alternated between two response selection rules either triangle-left-hand and square-right-hand or triangle-right-hand and square-left-hand. The figure shows an example in which the subject started with the first rule and later switches to the second rule. Every 9 -11 trials, a white cue shape instructed subjects to either stay with the current selection rule set or to switch to using the other rule set. Stay or switch cues were differentiated by a ϩ or x at their center. The meaning of the ϩ and x was counterbalanced across subjects. In the example shown, the ϩ and the x mean stay and switch, respectively. The right-hand column shows examples of stimuli used in the VS task. The task was formally similar to the RS task. On each trial subjects were presented with a pair of stimuli (items) either side of a central fixation point. One of the stimuli was always red, and the other was green. One of the stimuli was always a square, and the other was a triangle. The subject attended to just one of the two stimuli according to a rule based on either color or shape. The design was fully counterbalanced so that some subjects alternated between attending to red or square stimuli, while others alternated between red or triangle, green or square, or green or triangle. For example, the subject might start (top panel ) by attending to just the red stimulus item on every trial, regardless of its shape. Every 9 -11 trials, a white cue shape instructed subjects to either stay with the current selection rule or to switch to using a selection rule based on the other stimulus dimension. For example, the subject might then attend to the square stimulus regardless of color (seventh panel from top). Again, stay or switch cues were differentiated by a ϩ or x at their center. The meaning assignments of the ϩ and x were counterbalanced across subjects as before. In the example shown, the ϩ and the x mean stay and switch, respectively. The subject's task was to detect a rare target, V ( fourth panel from top), and respond with a key press. The V only ever appeared in the attended stimulus and only on 20% of trials. On other trials only nontarget ⌳ were presented, and no response was required. Both the target and non-target V and the ⌳ were only present for the final 15 msec of the total 70 msec of stimulus presentation. vertical (ϩ) or a tilted (x) cross appearing in a white rectangular background (6°width, 5°height) presented for 200 msec. Cues indicated that the subject should switch the current visual rule for selection or stay with the current visual rule. There was a 1000 msec interval between the onset of the instructive cue and the onset of the first pair of items.
The visual selection rule was switched between particular predefined features in the two different dimensions of color and shape. Each subject was instructed to attend to a particular color or a particular shape. For example, a given subject might be instructed to switch between attending to the square shape and the red color while another subject might be asked to switch between attending to the triangle shape and the green color. In this way the task could be made simple for each individual subject, but the relevant version of each dimension could counterbalanced across the group of subjects. So some subjects alternated between red color-square shape, others between green color-triangle shape, others between green color-square shape, and still others between red color-triangle shape.
The sequence of events that would be encountered by a subject switching attention between the red color and the square shape can be summarized. Starting with the relevant feature "red" the switch cue (e.g., x) would inform the subject that the relevant feature became "square." The next switch cue instructed the subject that the relevant feature returned to being "red." The appearance of the stay cue (ϩ) instructed subjects to continue selecting items based on their current visual rule. The meaning assignment (switch, stay) of each cue (x, ϩ) was also counterbalanced across subjects.
The counterbalancing of cue assignment and selection features ensured that behavioral measures were not confounded with artifacts because of different physical appearances of the stimuli. Five levels of matched red and green luminosities were used randomly for item colors throughout the experiment. Differences in the physical intensity of stimuli therefore were unlikely to contribute systematically to attentional effects.
To ensure feature-guided sensory attention, subjects were asked to discriminate small target stimuli embedded within the items. A small (0.7°long and 0.06°high) horizontal or angled line was presented in the middle of each item. The embedded stimulus appeared only briefly (15 msec) at the end of each item presentation (55 msec after item onset) to maximize the advantage of orienting toward the relevant item. On most trials (80%), embedded non-targets were presented; the non-target was either a horizontal line or a line angled upward (approximating a "v") to different degrees (0.06°to 2.9°). On rare (20%) target trials, the line was deviated downward (into a "w", always by 2.9°). Subjects responded upon the detection of the rare target (w) with a single key-press. Targets (w) only ever appeared in the relevant visual dimension to which subjects were attending.
As for RS, VS trials were presented in four sessions, each of 5 min duration. The event-related analysis was centered on a comparison of BOLD signal after the switch and stay cues. A control rest cue was presented every 3 sec for the final 25 sec of each session. The rest cue resembled the other instruction cues but consisted of a black circle on a white background. No trials followed the rest cues, and subjects were required to take no action in response to them. No analysis of the rest cue period is reported.
MRI acquisition
Scanning was performed on a 1.5 T Siemens Vision magnet. The scanning procedure began with the acquisition of a high-resolution T1 structural anatomical scan [80 slices at a thickness of 2 mm; 256 ϫ 256 matrix size; repetition time (TR), 22 msec; echo time (TE), 10 msec; flip angle, 30°; voxel size, 1 ϫ 1 ϫ 2 mm 3 ]. This was immediately followed by acquisition of four series of 120 gradient-echo images (20 slices of 5 mm thickness in the same orientation as the Sylvian fissure starting above the most dorsal cortex; 64 ϫ 64 matrix size; TR, 2.441 msec; TE, 50 msec; flip angle, 90°; voxel size, 5 ϫ 5 ϫ 5 mm 3 ) of BOLD signal while subjects performed the behavioral tasks.
Event-related fMRI data analysis
Each subject's T1 structural image was transformed into standard stereotaxic space (Talairach and Tournoux, 1988 ) based on 305 brains (Evans et al., 1992) using in-house software (Collins et al., 1994) . BOLD signal images were smoothed with a three-dimensional (3-D) 6 mm (f ull width half maximum) Gaussian kernel, corrected for head motion artifact and transformed into the same standard stereotaxic space. The statistical analysis was performed with adapted in-house software (Worsley et al., 2000) using a method based on a linear model with correlated errors and a random effects analysis. Task-related brain activity was measured by examining the BOLD signal after the switch and stay cues in the VS and RS paradigms (Fig. 2) ; the BOLD signal was convolved with a hemodynamic response f unction that was modeled as a ␥-density f unction with a mean lag of 7 sec and a SD of 3 sec (Z arahn et al., 1997) timed to coincide with the onset of switch or stay cues. It has been shown that set shifting is not completed on presentation of an instruction cue (Rogers and Monsell, 1995; Allport and Wylie, 1999; Rushworth et al., 1999) . The set shift is only completed after initiation of the next block. The convolved BOLD signal reflects neural processes operating at both the beginning of the set shift (on cue presentation) and at the end of the set shift (on presentation of the first task item). Drift was removed by adding third-order polynomial covariates in the volume acquisition times in the design matrix (which were not convolved with the hemodynamic response f unction). Random-effects T-statistical maps of significant difference between cue-related BOLD signals were constructed by using a spatially smoothed (15 mm f ull width half maximum Gaussian kernel) estimate of the random effects variance. The t statistical maps were then thresholded (t Ͼ 4.75; p Ͻ 0.01; t Ͼ 5.19; p Ͻ 0.001) in accordance with the Bonferonni correction for multiple comparisons, for the entire 20 slice brain volume-scanned, and non-isotropic random field theory (Worsley et al., 1996 (Worsley et al., , 1999 . Although the analysis was performed without previous definition of a region of interest limited to the parietal cortex we report, in detail, just the results for the parietal cortex.
RESULTS

Behavioral results
Switching in both VS and RS paradigms was associated with a behavioral cost that could be measured in reaction time (RT). Nine of the 10 RS subjects responded more slowly on the first trial of a switch block than they had on the first trial of a stay block (Figs. 2, 3a) . The mean RTs for the first responses in stay and switch RS blocks were 505 and 605 msec, respectively (Wilcoxon, Figure 2 . The RS and VS tasks were formally similar. Both tasks were composed of blocks of 9 -11 items separated by the presentation of cues. The cues were either switch or stay cues that instructed subjects to switch the selection rule or to continue with the current selection rule, respectively. The BOLD signals, modeled as ␥-density functions with a mean lag of 7 sec and an SD of 3 sec ( gray regions) after switch and stay cues were compared. shows RTs recorded from stay block trials. In both tasks, switching selection rule was associated with an RT cost that was most apparent on the first trial of the block and that subsequently diminished. t ϭ 0; N ϭ 10; p ϭ 0.008). All eight VS subjects responded more slowly on the first trial of a switch block than they had on the first trial of a stay block (Fig. 3b) . The mean RTs for the first responses in the stay and switch VS blocks were 579 and 665 msec, respectively, which differed significantly (Wilcoxon, t ϭ 0; N ϭ 8; p ϭ 0.012).
fMRI results
Switching in both VS and RS paradigms was associated with increases in BOLD signal ("activations") in a number of parietal regions in and around the intraparietal sulcus (Figs. 4-9) . VS activations in the parietal cortex were recorded in the lateral bank of the intraparietal sulcus and in the parieto-occipital region. Posterior parietal RS activations were recorded in the medial bank of the intraparietal sulcus and in the adjacent posterior superior and mediodorsal parietal lobule. There were no significant switching-related BOLD signal decreases in the parietal cortex.
More anterior parietal regions, in the supramarginal gyrus and adjacent anterior intraparietal sulcus, were activated mainly in the RS task (Fig. 4 ). Only one VS task peak, but five RS peaks, were recorded in this region. Figure 4 shows an axial section that approximately follows the intraparietal sulcus. It can be seen that there is a transition from VS-to RS-related activity moving anteriorly along the lateral bank of the intraparietal sulcus.
Both VS and RS tasks activated the more posterior parietal regions, posterior to the supramarginal gyrus. The two tasks, however, activated different regions within the more posterior parietal cortex; RS activations appeared to be on the medial bank of the intraparietal sulcus and the adjacent posterior SPL, whereas VS activations appeared to be on the lateral bank of the intraparietal sulcus. For the most part, the allocation of an activation to one side or other of the intraparietal sulcus is clear. In some cases, because the data are group data, the activations cannot be ascribed with complete certainty to one bank of the intraparietal sulcus or the other. Even in these cases, however, it remains certain that both tasks activate the intraparietal sulcal region and that the VS activations are more ventral and anterior to the RS activations, suggesting that the VS and RS activations are always on the lateral or medial intraparietal sulcal banks, respectively. Viewed in the coronal plane, the intraparietal sulcus lies at ϳ45°to the main rostrocaudal and mediolateral axes of the brain (Fig. 5) . This means that the lateral and medial banks of the intraparietal sulcus are not distinguished in a simple way by either their relative dorsoventral or mediolateral positions [the conventional Talairach and Tournoux (1988) y and x axes]. The lateral bank is, in general, both ventral and lateral to the medial bank of the intraparietal sulcus. The VS activations were both ventral and lateral to the RS activations. This can be seen in the series of coronal sections (Fig. 5) . Moreover, the VS activations in the posterior intraparietal sulcus were rostral to those recorded in the RS paradigm. The more ventral and rostral position of the VS activations with respect to the RS activations can be appreciated in the sagittal section (Fig. 6) . In summary, the RS and VS activations around the posterior intraparietal sulcus were differentially localized in all three of the standard brain axes, rostrocaudal, mediolateral, and dorsoventral. That the RS and VS locations are distinct in all three axes makes it difficult to figuratively summarize their relative positions in just a single standard brain section. For this reason RS and VS activations are also shown on a brain section orthogonal to the main axes of the intraparietal sulcus; the differential localization of VS and RS activations are now immediately clear (Fig. 7) . The more rostral, lateral, and ventral position of the VS activations compared with the RS activations can also be appreciated in a 3-D view (Fig. 8) .
The positions of posterior intraparietal VS and RS activation peaks have been plotted graphically in Figure 9 . In this figure all activations have been plotted in the left hemisphere (if an activation peak was at coordinate 16, Ϫ66, 48 then it has been plotted at Ϫ16, Ϫ66, 48). Again the separation of the two areas of activation is clear. It can be seen that the separation of VS-and RS-related activations is not simply the artifactual consequence of their existence in different hemispheres.
The positions of VS and RS activation peaks in the parietal cortex are summarized in Table 1 . It is clear, once again, that the VS and the RS paradigms are associated with distinct activation clusters. The VS paradigm is associated with activation in the parieto-occipital region (PO) and the lateral intraparietal sulcus (LIP). The RS paradigm is associated with activation in the Talairach and Tournoux (1988) space. The results for both tasks are shown together in the righthand column, superimposed on the average MRI for all participating subjects. VS ( green) activity is most prominent in the posterior lateral intraparietal sulcus in the more ventral section (z ϭ 43). More anteriorly, in the same section, within the lateral intraparietal sulcus, however, RS (red) activity predominates. The more dorsal section (z ϭ 53) shows RS-related activity confined to the medial intraparietal region and the posterior superior parietal lobule. medial intraparietal sulcus (MIP), the adjacent posterior SPL, including the dorsomedial surface (PEp), and the anterior intraparietal sulcus (AIP).
The distinct clustering of VS and RS activations can be discerned according to three criteria. The first criterion is the number of activations recorded in each region; there are more VS than RS activations in PO and LIP. There are more RS than VS activations in MIP, PEp, and AIP. Because the more posterior parietal peaks (LIP, PO, MIP, and PEp areas) are fairly close to one another we tested whether the localization of activation peaks from the two tasks, VS and RS, was statistically distinct. A MANOVA test of the x, y, and z coordinates of the peaks recorded in the two tasks revealed a statistically significant interaction between coordinate position and task (F ϭ 4.212; df ϭ 2, 16; p ϭ 0.034), showing that the two tasks were associated with activations in statistically separable regions of the posterior parietal cortex.
The second criterion is which task produces activations with the highest significance values in a given area; the significance values of VS peaks are higher than the significance values of RS peaks in PO and LIP. The opposite is true in MIP, PEp, and AIP. The third criterion is the relative distribution of activations, produced with each paradigm, with high and low significance values. The significance values of VS activations are higher in LIP and PO than they are in MIP, PEp, and AIP. The significance values of RS activations are higher in MIP, PEp, and AIP than they are in PO and LIP. To test the statistical significance of these differences, we directly compared BOLD signal in the two tasks (i.e., RS switch-stay against VS switch-stay) in a 20,000 mm 3 region around the left intraparietal sulcus using the same methods and procedures as the main analyses. We were able to confirm statistically significant greater activation in the RS task than the VS task in the same MIP, PEp, and AIP region that had been identified in the analysis of the simple RS task results (Table 2) . We were able to confirm statistically greater activation in the VS task than the RS task in the same LIP region (Table 2) that had been identified in the analysis of the simple VS task results. In addition the VS task, compared with the RS task, was associated with statistically greater activity in a region just anterior and dorsal to the main region of LIP activation previously identified (Ϫ30, Ϫ45, 54). The anterior and dorsal shift of this activation probably reflects not just the presence of VS-related activity in this region but the absence of RS related activity here. The location of this activation reflects the fact that the comparison between tasks was not conducted after masking by the main effect of either original RS or VS analysis (which would entail prejudging the task separation being tested) or the task general main of effect of switching (which might preclude the identification of an area strongly associated with one task but not at all associated with another task).
DISCUSSION
Event-related fMRI was used to compare visual attentional and visuomotor intentional task-switching paradigms, VS and RS. In both cases, subjects' responses were significantly slower on the first trial after a switch. Switching in VS was associated with activation in the posterior lateral intraparietal sulcus and the parieto-occipital region. Switching in RS was associated with activation in the medial intraparietal sulcus, adjacent posterior SPL and dorsomedial parietal cortex, and the anterior lateral intraparietal sulcus.
Visual attention and visuomotor intention
The first task, VS, involved attentional task switching. Subjects used a changing rule to select one of two visual stimuli for attention. The selection rule is based on either the color or shape of the stimuli. It is known that attentional selection for a the color or shape of a stimulus also entails spatial attention to its location Lavie, 1988, 1993) . The notion of visual attention is a familiar one, and it is established that it is associated with the posterior parietal cortex (Corbetta et al., 1993 (Corbetta et al., , 1995 (Corbetta et al., , 2000 Fink et al., 1997a,b; Nobre et al., 1997; Coull and Nobre, 1998; Le et al., 1998; Corbetta and Shulman, 1999; Gitelman et al., 1999; Hopfinger et al., 2000; Macaluso et al., 2000; Vandenberghe et al., 2000) . Different studies, however, have emphasized the importance of either inferior, superior, or even medial parietal cortex or all these areas. In the present study only a limited region was activated that was clearly ventral to the posterior parietal RS activation, suggesting a location in the LIP. Nobre et al. (1996 Nobre et al. ( , 1997 and Corbetta et al. (1993 Corbetta et al. ( , 1995 Corbetta et al. ( , 2000 were able to determine that the core visuospatial attention region is within the intraparietal sulcus, although they were unable to ascertain its position relative to limb movement areas. The limited extent of activation in the VS experiment may reflect the limited use of manual responses by subjects; subjects only made overt responses on 20% of trials, so the VS results are unlikely to reflect attentional modulation of response-related processes. The RS results suggest that attentional modulation in the SPL and medial parietal cortex is related to manual response components.
The second paradigm, RS, involved intentional task-switching. Switching involved changing the rules for movement selection rather than changing the rules for stimulus selection. Although the experimental manipulation used in RS is distinct to that used in many sensory attentional experiments, it is clear that the switch-stay activation in RS is the consequence of the operation of attention; on average, subjects saw the same stimuli and made the same responses during the switch and stay epochs, the only difference was the task-switching context in which stimuli and responses occurred. There was little overlap between the parietal areas activated on switching in RS and VS. RS activations were more dorsal and medial and included the MIP and area PEp (Von Economo and Koskinas, 1925) in the posterior SPL and extending onto the adjacent dorsomedial surface. In addition, there were several foci in the anterior IPL, the supramarginal gyrus, and the adjacent AIP. In comparison, only one activation was recorded in this region in the VS task.
The notion of motor-related attention, or intention (Boussaoud and Wise, 1993a,b) , is less familiar than that of visual attention. It is, however, conceivable that there are covert intentional processes that are related to overt limb movements in much the same way that covert visual attention and orienting are related to overt eye movements (Sheliga et al., 1994; Snyder et al., 1997; Colby and Goldberg, 1999) . It has previously been shown that intention depends on the supramarginal gyrus and AIP; these areas are activated more when subjects covertly attend to or prepare movements (Deiber et al., 1996; Krams et al., 1998; Rushworth et al., 2001b) . Lesions and TMS inactivation in this region prevent subjects from switching attention from one movement to another (Rushwoth et al., 1997 (Rushwoth et al., , 2001a . The present results demonstrate complementary specializations in LIP and AIP for visual attention and visuomotor intention. The complementary specializa- tions of LIP and AIP may underlie their activation in overt eye and hand movement tasks, respectively (Kawashima et al., 1996 , De Souza et al., 2000 .
The more posterior superior parietal areas, MIP and PEp, have not been conspicuously implicated in previous studies of covert motor intention. Such studies simply required subjects to attend to an upcoming movement or to switch attention from one movement to another. The RS task, however, is more complex; it requires a switch from one visuomotor transformation to another, and MIP and PEp may be critical for this distinct attentional process. Other studies have considered a role for posterior parietal cortex in learning visuomotor rules, the production of spatially incompatible responses, or visually guided reaching (Grafton et al., 1992 (Grafton et al., , 1996 ; Clower et al., 1996; Iacoboni et al., 1996; Deiber et al., 1997; Faillenot et al., 1997; Honda et al., 1998) . However, as with the case of visual attention, there has been disagreement about the precise region that is critical. Moreover, there has been conf usion about whether activations recorded in such tasks are the consequence of their visual attentional demands or, vice versa, whether visual attention tasks manipulate visuomotor response factors. The current results demonstrate an anatomical distinction between both processes. Wise et al. (1997a) have discussed how parietal cortex, in conjunction with premotor cortex, may be important for learned visuomotor transformations, although its precise role has been uncertain (Halsband and Passingham, 1982; Rushworth et al., 1997a) . It seems clear that frontal lobe areas are more important in the learning of such transformations (Wise and Murray, 2000) . The current results suggest one role of parietal areas MIP and PEp may be intentional switches between visuomotor transformation rules.
The organization of the parietal lobe in monkeys and people
The distribution of VS-and RS-related areas around the intraparietal sulcus suggest that the human intraparietal sulcus and the surrounding parietal cortex has a similar organization to that of the macaque monkey.
The VS task was associated with modulation in human LIP and PO. Areas LIP and PO occupy similar locations in posterior lateral intraparietal and parieto-occipital cortex in the macaque and contain visually responsive cells that are important in visual attention and oculomotor control (Galletti et al., 1993 (Galletti et al., , 1995 Andersen et al., 1998; Colby and Goldberg, 1999) .
Cells on the posterior MIP of the macaque have distinct properties; they also respond to visual stimuli, but their activity is related more closely to limb movements than eye movements (Colby and Duhamel, 1991; Snyder et al., 1997; Eskander and Assad, 1999) . Similar visuomotor activity has also been found in adjacent tissue in the most posterior SPL, the mediodorsal parietal cortex, and the most dorsal parieto-occipital cortices (PEc, MDP, V6A) (Caminiti et al., 1996; Galletti et al., 1997; BattagliaMayer et al., 2000; Ferraina et al., 2001) . Whether each of these areas of the macaque brain have distinct functions remains to be clarified. The same human areas, MIP and PEp, medial and dorsal to those concerned with visual attention, were activated in RS.
The macaque AIP and adjacent anterior IPL (PF) also have some visually responsive cells and are related to limb, perhaps particularly hand, movements (Sakata et al., 1999) . Similar areas in the human parietal cortex were also activated in the RS task.
In summary, the results are consistent with a scheme in which the intraparietal sulcus divides the parietal cortices in a similar way in both monkeys and people (Von Bonin and Bailey, 1947; Eidelburg and Galaburda, 1984) rather than with the currently more widely used scheme in which the human IPL is regarded as a novel structure (Brodmann, 1909) . Functional areas appear to occupy similar positions relative to one another and to the main anatomical landmark in the area, the intraparietal sulcus. In accordance with this scheme, Bremmer et al. (2001) have recently presented functional data showing that the human VIP, like macaque VIP, is in the depths of the intraparietal sulcus. Crossspecies anatomical correspondences in the temporal and frontal lobes have been difficult to establish (Petrides and Pandya, 1994; Preuss, 1995) , but the organization of the parietal cortex may have been conserved during primate speciation. Preuss and Goldman-Rakic (1991) have demonstrated that the parietal lobe, including the intraparietal sulcus, in the strepsirhine Galago has a similar organization to that in the anthropoid macaque. Different parietal areas are concerned with distinct attentional processes and transformations between incoming sensory information and movements of either the eye or the limb. The types of sensorimotor transformations and related attentional processes required by primates may have remained stable since the development of binocular vision and reaching and grasping hand and arm movements (Sakata et al., 1997) . Because parietal areas are concerned with attention and sensorimotor transformations, the basic plan for parietal organization may have been conserved from strepsirhines to humans.
